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AMBIENT GROUND WATER QUALITY

Ambient ground water quality of the Lower West Coast Planning Area was
assessed with the use of the Ambient Ground Water Quality Monitoring Network
(AGWQMN). The AGWQMN is a statewide network of Monitor wells (and associated
database) which is maintained by a cooperative agreement between the Florida
Department of Environmental Regulation and the water management districts. The
purpose of the AGWQMN is to typify regional ambient water quality. It is not
intended to include wells which monitor zones of discharge of landfills, contamination
sites, or any other anthropogenic pollution sources, nor is it intended to delineate
specific saltwater intrusion impacts. The aquifer classifications used by the
AGWQMN in the LWC Planning Area are the Surficial, Intermediate, and Floridan
aquifer systems. For the Lower West Coast Water Supply Plan (LWCWSP), the wells
were further segregated by specific aquifer (water table, lower Tamiami, Sandstone,
mid-Hawthorn, lower Hawthorn) for a more detailed picture of water quality. Refer
to Chapter III for a review of the hydrogeology and aquifer systems.

Information derived from the first four years of AGWQMN sampling (1984
through 1987) within the SFWMD was summarized and published in Technical
Publication 89-1, “South Florida Water Management District Ambient Ground
Water Quality,” (Herr and Shaw, 1989). For the LWCWSP, district staff utilized all
available data from the wells which were located within the LWC Planning Area,
encompassing a time span from 1984 through 1990. Average data values of all
sampling events for each well were obtained with the use of the GWIS database.

The following is a brief summary of the selected water quality parameters
obtained from the AGWQMN data search for the LWC Planning Area. The water
quality parameters reviewed are those which can affect the treatability of a potential
drinking water source. These include chloride, sodium, total dissolved solids (TDS),
iron, total organic carbon (TOC), total alkalinity, nitrate nitrogen, hardness, and
color. Tables V-1 and V-2 in the Water Supply Issues and Constraints Section are
suggested references for the potable drinking water standards which apply to several
of these parameters. All units are stated in milligrams per liter (mg/L), except color
(stated as color units). The water quality contour maps of the ambient water quality
data alone do not depict the extent of saltwater intrusion along the coast, due to the
deficiency of AGWQMN wells in the affected coastal areas. This topic is included in
the saltwater intrusion discussion later in this appendix.

Tables H-1 through H-4 (beginning on page H-10) contain the ambient water
quality data retrieved from the AGWQMN database for the water table, lower
Tamiami, Sandstone, mid-Hawthorn and lower Hawthorn aquifers. Well
construction information (casing and total depths) and well locations in Florida state
planar coordinates are included. Figures H-1 through H-5 (beginning on page H-5)
are location maps depicting the wells within each aquifer. Figures H-6 through H-46
(beginning on page H-17) contain the water quality contour maps for the selected
water quality parameters. The contour plots were generated with “Surfer,” a Golden
Software product, using the Kriging algorithm method. Additional figures
illustrating estimated chloride concentrations of the upper and lower portions of the
Floridan Aquifer System (FAS), as indicated by the U.S. Geological Survey, are
included as figures H-47and F-48 (beginning on page H-58).

H-1
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Water Table Aquifer

Among the water table aquifer ambient wells only, chloride concentrations are
within potable water standards, ranging from 5 to 158 mg/L.. However, saltwater
intrusion in coastal areas has caused contamination of the surficial aquifer in various
localities. Connate water which remains in many places also contributes to locally
elevated levels of chlorides and other dissolved minerals. Additional chloride data
from the saltwater intrusion monitoring program and other sources is presented in
the saltwater intrusion discussion and accompanying materials presented later in
this appendix. In addition to saltwater intrusion, inter-aquifer cross contamination
from the more saline FAS is a problem stemming from past irrigation practices, and
from flowing FAS irrigation wells or oil test wells which were improperly constructed
or abandoned. Chloride levels in the water table aquifer near La Belle are as high as
1,800 mg/L due to this problem (Smith and Adams, 1988). This problem is not
restricted to the water table aquifer.

Sodium and total dissolved solids generally follow the same patterns as chlorides,
and are highest in the areas of saltwater intrusion, flowing Floridan wells, and in
areas of localized pockets of connate water. Sodium concentrations in the ambient
wells are within potable drinking water standards, ranging from 2 to 110 mg/L.
Total dissolved solids range from 31 to 981 mg/L, exceeding potable water standards
in approximately 25 percent of the ambient wells.

Additional AGWQMN data indicates that the water is moderately hard to very
hard (144 to 444 mg/L, as CaCQOg3), with the exception of some anomalously low levels
in Glades County. It is relatively high in color and total organic carbon (TOC), due to
the rich, organic nature of the overlying soils in much of the LWC. Iron levels vary
from 0.190 to 5.815 mg/L, exceeding the potable standard in nearly all wells.
Alkalinity normally ranges from approximately 130 to 385 mg/L (as HCOg), again
with the exception of some very low values in Glades County. Nitrate nitrogen
concentrations are far below potable standards in all wells.

Lower Tamiami Aquifer

Due to the relatively small number of ambient wells in the lower Tamiami
aquifer, the water quality analysis is roughly limited to west-central Collier County.
Generally speaking, in the aquifers of the LWC Planning Area, ground water quality
degrades with increasing depth, with respect to chloride, TDS, and sodium.
Nevertheless, in the lower Tamiami ambient wells, unimpacted by saltwater
intrusion, the ranges of chlorides (12 to 155 mg/L) and sodium (9 to 87 mg/L) remain
well within potable water standards. Total dissolved solids range from 204 to 647
mg/L, often in excess of potable standards. Naturally, in areas affected by saltwater
intrusion or cross contamination from deeper, more mineralized aquifers, these
parameters may be present in far greater concentrations. Connate water also
accounts for localized pockets of highly mineralized water. Additional information on
chloride levels in areas of saltwater intrusion is the Saltwater Intrusion section of
this appendix.

Ranges of other parameters in the ambient wells are as follows (all in mg/L except
color): iron: 0.050 to 2.220; TOC: 6 to 54; alkalinity 174 to 340; nitrate nitrogen: 004
(detection level) to 0.009; color: 20 and 39 (only two data points); and hardness: 179 to
467 (hard to very hard).



Lower West Coast Water Supply Plan -- Appendix H

In Collier County, lower Tamiami water quality with respect to dissolved solids
appears to degrade toward the south, although TOC levels increase inland, toward
the northeast.

Sandstone Aquifer

Moving deeper, within the Sandstone Aquifer, the overall averages for chloride,
TDS, sodium and hardness continue to increase with depth, above the levels found in
the overlying aquifer. Conversely, levels of iron, TOC, and color are lower in the
Sandstone than in the overlying aquifer, while alkalinity and nitrate levels remain
relatively constant. Average well data ranges are as follows (all in mg/L, except
color): chloride: 30 to 1010; TDS: 374 to 2139; sodium: 38 to 593; iron: 0.045 to 1.593;
TOC: 1 to 44; alkalinity: 122 to 433; nitrate nitrogen: 0.004 (detection level) to 0.01 7;
color: 6 to 25; and hardness: 86 to 715 (moderately hard to very hard).

In Collier County, water quality in the Sandstone Aquifer generally deteriorates
in a southwest direction. There is a pocket of poor water quality in the area of
northeast Lee and northwest Hendry counties, suggesting the presence of connate
water or contamination by short-cased FAS wells as deseribed previously.

Mid-Hawthorn Aquifer

In the mid-Hawthorn aquifer, chlorides, TDS, sodium and hardness continue the
trend of increasing with overall depth, resulting in a marked deterioration in water
quality from the shallower aquifers. These constituents also share a common overall
trend of increasing in the southwesterly direction. Chloride ranges from 28 to 844
mg/L, in excess of potable standards in six of the ten ambient wells. Total dissolved
solids range from 263 to 1,591 mg/L, and sodium from 43 to 480 mg/L; both exceed
potable standards in all but two of the ten wells.

Concentrations of all other parameters investigated are distinctly lower in the
mid-Hawthorn than in the overlying aquifers, as observed in the average ranges
(mg/L): iron: 0.050 to 0.463; TOC: 0.7 to 16.5; alkalinity: 144 to 286; nitrate nitrogen:
0.004 (detection level) to 0.006; and color: 3 to 13 units (four wells only).

Lower Hawthorn Aquifer/Floridan Aquifer System

In the LWC Planning Area, AGWQMN wells in the Floridan Aquifer System are
limited to lower Hawthorn aquifer wells located in Lee and northern Collier counties.
For this reason, water quality contour lines were omitted in the areas where no data
existed. Additional data were obtained from other sources to supplement the chloride
contour plot, although information on the FAS in Southwest Florida is sparse.

Water quality in the FAS is generally poor, with high levels of chloride, sodium,
and TDS, all of which increase with depth and distance from the primary recharge
area. Chloride in the lower Hawthorn, the uppermost aquifer of the FAS, ranges
from approximately 360 to 1,900 mg/L.. Sodium ranges from 221 to 920 mg/L; TDS
from 923 to 2,556 mg/L. Water from most of the lower Hawthorn wells is below
detection levels for iron and nitrate, and is also very low in color. Hardness ranges
from 225 to 691 mg/L (hard to very hard). Alkalinity averages 158 mg/L, ranging
from 90 to 200 mg/L.

There are no AGWQMN wells in the LWC Planning Area which penetrate the
deeper aquifers of the FAS. In the Cape Coral area, however, the following chloride

H-3
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ranges have been documented: lower Hawthorn: 320 to 3,200 mg/L; upper Suwannee:
480 to 5,600, lower Suwannee: 660 to 13,500 mg/L; Ocala: 1,900 to 20,000; Avon Park:
11,000 to 16,000 mg/L (Missimer & Associates, 1991). Recent information from a
lower Hawthorn reverse osmosis well under construction for Marco Island reported
chloride concentrations to be 3100 to 4800 mg/L, where levels of 1,500 to 3,000 mg/L
had been predicted.

In its Regional Aquifer System Analysis (RASA) Program, the U.S. Geological
Survey has further defined the geochemistry of the Floridan Aquifer System in a
series of reports (Sprinkle, 1989; Meyer, 1989; Bush and Johnson, 1988; Miller, 1986).
Figures F-52 and F-53 illustrate the ranges of chloride concentrations in the upper
and lower portions of the FAS throughout the SFWMD (after Sprinkle, 1989). The
USGS indicates that in Southwest Florida the lower part of the Tampa Limestone
(the lower Hawthorn aquifer) is included as part of the upper portion of the FAS
(Meyer, 1989). Also, as indicated in Table D-1, the SFWMD defines the top of the
upper portion of the FAS as including the lower Hawthorn aquifer. This definition
reflects the fact that, within the LWC Planning Area, the lower Hawthorn often
reflects and responds to hydrologic conditions in the Suwannee aquifer, which is part
of the FAS, but responds only slightly to hydrologic conditions in the Intermediate
Aquifer System.

Information found in the USGS report by Sprinkle (1989) indicates that in the
upper portion of the FAS, concentrations of dissolved solids are greater than 1,000
mg/L in most of the LWC Planning Area, increasing in concentration toward the
coast. Exceptions are north-central Glades County (Fisheating Creek Area) where it
ranfes from 501 to 1,000 mg/L, in wells drilled into the upper portion of the FAS.
Fully penetrating wells near the coast would'likely yield dissolved solids
concentrations which would approach seawater concentrations (about 36,000 mg/L).
The report indicates that dissolved solids concentrations in water from the lower
portion of the FAS in this region are far greater than 10,000 mg/L, except in
northeast Glades County where they range from 1,000 to 10,000 mg/L.

It should be noted that this information on water quality in the FAS is based on
extrapolation of data from wells which are, with little exception, not located within
the LWC Planning Area. Precise determination of water quality from the FAS in
this region will require the installation of test wells at sites under consideration for
development of the FAS as a water source.
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FIGURE H-6. Average Chloride Concentrations (mg/L) of the Water Table Aquifer

(1984 - 1990).
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FIGURE H-7. Average Total Dissolved Solids (mg/L) of the Water Table Aquifer
(1984 to0 1990).
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FIGURE H-8. Average Sodium Concentrations (mg/L) of the Water Table Aquifer
(1984 to 1990).
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FIGURE H-9. Average Iron Concentrations (mg/L) of the Water Table Aquifer
(1984 to 1990).
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FIGURE H-10. Average Total Organic Carbon (mg/L) of the Water Table Aquifer
(1984 to 1990).
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FIGURE H-11. Average Alkalinity (as mg/L of HCOg) of the Water Table Aquifer

(1984 to 1990).
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FIGURE H-12. Average Nitrate Nitrogen Concentrations (mg/L) of the Water
Table Aquifer (1984 - 1990).
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FIGURE H-13. Average Color (units) of the Water Table Aquifer (1984 to 1990).
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FIGURE H-14. Average Hardness (as mg/L of CaCO3) of the Water Table Aquifer
(1984 to 1990). : _

H-25



Lower West Coast Water Supply Plan -- Appendix H

'CHARLOTTE

Vad

HENDRY

Contour Interval = 20 mg/L

LO¥YER WEST COAST - | MONROE

STUDY AREA

© NATIONAL
PARK

RAWING NAME: ltel.dwg 1
AWN_BY: lDATE: 11/8/91

: : 11/13/9
ILES B e

FIGURE H-15. Average Chloride Concentrations (mg/L) of the Lower Tamiami
Aqulfer (1984 t0 1990).
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FIGURE H-16. Average Total Dissolved Solids (mg/L) of the Lower Tamiami
Aquifer (1984 to 1990).
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FIGURE H-17. Average Sodium Concentrations (mg/L) of the Lower Tamiami
Aquifer (1984 to 1990).
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FIGURE H-18. Average Iron Concentrations (mg/L) of the Lower Tamiami Aquifer
(1984 to 1990).
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FIGURE H-19. Average Total Organic Carbon (mg/L) of the Lower Tamiami
Aquifer (1984 to 1990).
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FIGURE H-20. Average Alkalinity (as mg/L of HCO3) of the Lower Tamiami
Aquifer (1984 to 1990).

H31




Lower West Coast Water Supply Plan -- Appendix H

| GLADES ~
CHARLOTTE A
; - >
HENDRY
LEE |
AR
N % %N
o e’ A —
" 1
Contour Interval = 0.001 mg/L \\{ °f COLLIER
PR el : -—-
LOWER WEST COAST " Ny 1 MONROE .
STUDY AREA EYFRALADES |
o 10 20
MILES SOUT™H n.m WATER NGMT. DIST.

FIGURE H-21. Average N itrate Nltrogen Concentratlons (mg/L) of the Lower
Tamiami Aquifer (1984 to 1990).
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FIGURE H-22. Average Color (units) of the Lower Tamiami Aquifer (1984 to 1990).
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FIGURE H-23. Average Hardness (as mg/L of CaCO3) of the Lower Tamiami
Aquifer (1984 to 1990).
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FIGURE H-24. Average Chloride Concentrations (mg/L) of the Sandstone Aquifer
(1984 t0 1990).
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FIGURE H-25. Average Total Dissolved Solids (mg/L) of the Sandstone Aquifer
(1984 to 1990).
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FIGURE H-26. Average Sodium Concentrations (mg/L) of the Sandstone Aquifer
(1984 to 1990).
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FIGURE H-27. Average Iron Concentrations (mg/L) of the Sandstone Aquifer
(1984 to 1990). .
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FIGURE H-28. Average Total Organic Carbon Concentrations (mg/L) of the
Sandstone Aquifer (1984 to 1990).
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FIGURE H-29. Average Alkalinity (as mg/L of HCOg) of the Sandstone Aquifer
(1984 to 1990).
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FIGURE H-30. Average Nitrate Nitrogen Concentrations (mg/L) of the Sandstone
Aquifer (1984 to 1990).
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FIGURE H-31. Average Color (units) of the Sandstone Aquifer (1984 to 1990).
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FIGURE H-33. Average Chloride Concentrations (mg/L) of the Mid-Hawthorn
Aquifer (1984 to 1990).
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FIGURE H-34. Average Total Dissolved Solids (mg/L) of the Mid-Hawthorn

Aquifer (1984 to 1990).

H-45




Lower West Coast Water Supply Plan -- Appendix H

b vy
Contour Interval = 50 mg/L R
'N{QJ‘: 1
7".“«; 4 o/ o 45 D)
D Pl ]
\3 g 9_\ P
v \3 !
- v:".n " '
a3 N T
LOWER WEST COAST Zug \
STUDY AREA ' &; MONROE?
e »
NATIONAL 1
PARK !
MILES SOUTH FLORIDA WATER MGMT. DIST.

FIGURE H-35. Average Sodium Concentrations (mg/L) of the Mid-Hawthorn
Aquifer (1984 to 1990).
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FIGURE H-36. Average Iron Concentrations (mg/L) of the Mid-Hawthorn Aquifer
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FIGURE H-37. Average Total Organic Carbon Concentrations (mg/L) of the Mid-
Hawthorn Aquifer (1984 to 1990).
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FIGURE H-38. Average Alkalinity (as mg/L of HCOj3) of the Mid-Hawthorn
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FIGURE H-39. Average Nitrate Nitrogen Concentrations (mg/L) of the Mid-
Hawthorn Aquifer (1984 to 1990).
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FIGURE H-40. Average Color (units) of the Mid-Hawthorn Aquifer (1984 to 1990).
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FIGURE H-41. Average Hardness (as mg/L of CaCO3) of the Mid-Hawthorn
Aquifer (1984 to 1990).
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FIGURE H-43. Average Sodium Concentrations (mg/L) of the Lower Hawthorn
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FIGURE H-45. Average Iron Concentrations (mg/L) of the Lower Hawthorn
Aquifer (1984 to 1990).
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FIGURE H-47. Average Hardness (as mg/L of CaCO3) of the Lower Hawthorn
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CONTAMINATION SITES

Figures and other supporting documentation are provided for _ selected
contamination sites in the LWC Planning Area is presented in this section. The
contamination sites include landfills, Superfund sites, and FDER hazardous waste
sites. -

Landfills

Landfills are identified by the Florida Department of Environmental Regulation
(FDER) as Class I, Class II or Class III facilities. Class I landfills are defined as those
which receive an average of 20 tons or more of solid waste per day. Class II landfills
are those that receive an average of less than 20 tons or 50 cubic yards of solid waste
per day. Class III landfills are those that receive only trash or yard trash. The FDER
has required all Class I and Class II landfills to have liners and leachate collection
systems installed since 1985 (Chapter 17 -701,F.A.C.).

In a sanitary landfill operation, a layer of compacted trash is covered with a layer
of earth at least once a day. When the site is full, a thick layer of earth is placed on
top to cap the landfill, and the land can be used for other purposes. This method of
disposal carries with it an inherent potential for the pollution of ground water
resources by the leachate created by landfill operations. Leachate is formed as
liquids infiltrate through the solig waste and extract dissolved or suspended
materials. If soil above and below a landfill is permeable, leachate can escape to
contaminate proximal surface or ground water sources. This is especially a problem
with older landfills that were constructed without impermeable liner systems.

There are 23 Class I and II, landfills, as well as other unknown disposal sites, in
the LWC Planning Area. These facilities, classified as either active, closed, or
proposed, were compiled from several sources listed in Table H-6. The accompanying
landfill location map is included as Figure H-50. Many of these sites had been used
for years with little or no control over what materials were disposed of in them.
Although most have not been active for some time, they may still represent a
potential threat to the ground water resource.

A review of the ground water quality data from the active and closed landfills
within the planning area indicates that immediately adjacent to and down gradient
from the unlined fill areas, water quality is likely to be nutrient-rich, with elevated
levels of ammonijum and ammonia nitrogen, organic nitrogen, and total nitrogen.
BOD, COD, sulfate, and total organic carbon were found to be elevated at most sites.
Total dissolved solids commonly exceeds the 500 mg/L drinking water standard.
Chloride, which is routinely used as an indicator parameter in tracking of leachate
plumes, is usually elevated above normal background levels.

Several trace metals of significant concern were detected and include lead,
detected at two landfill sites, and chromium, detected at three sites. Also elevated at
nearly all the sites were iron and sodium. Iron levels may be very high, often present
in concentrations which are many times the drinking water standard of 0.3 mg/L,
although the regional ground water also contains natural levels of iron which
frequently exceed this standard. Sodium, was elevated above background levels at
many sites, and exceeded the drinking water standard of 160 mg/L in some cases.

Volatile organic compounds, synthetic organic compounds and pesticides were
sampled for at several of the sites., and the following compounds have been detected,
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although in concentrations below FDER standards: 1,1,1 Trichloroethane was
detected on one occasion. At another site, chlorobenzene and 1,2-dichlorobenzene
were detected several times.

Not all landfills in the planning area exhibited poor ground water quality. Data
from some sites appeared to reflect normal background ground water quality. Size
and age of the landfill, types of wastes produced in the area, local hydrogeology and
landfilling techniques are factors which can dictate the extent and character of the
resulting impacts on ground water quality. In addition, an effective ground water
monitoring program is crucial for accurate determination of ground water
degradation. Improperly located Monitor wells can result in the oversight of a
contaminant plume. .
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FIGURE H-50. Location of Landfills in the Lower West Coast Planning Area.
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Superfund Program Sites

Section 105 of the Comprehensive Environmental Response, Compensation, and
Liability Act of 1980 (CERCLA), commonly known as the Superfund, requires the
U.S. Environmental Protection Agency (U.S. EPA) to maintain a national hazardous
waste site inventory, also known as the Superfund inventory or CERCLIS (US.S.
EPA,1990). The inventory consists of sites that are either actual or potential threats
of hazardous waste substance releases to the environment. Sites considered to have a
high health and environmental risk are included in EPA’s National Priorities List
(NPL). There are more than 32,000 sites in the Superfund inventory of which 1,236
sites are on the NPL. Once a site is listed in the Superfund inventory, the site will
remain on the list for record keeping purposes even after the site has been cleaned up
and no further action is needed.

The Superfund inventory contains 27 sites located in the LWC Planning Area

(U.S. EPA, 1990). The location of these sites are identified in Figure H-51. Florida
has 54 sites on the NPL of which none exist in the LWC Planning Area (FDER, 1990).
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FIGURE H-51. Location of EPA Superfund Sites in the Lower West Coast
Planning Area.
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FDER Hazardous Waste Sites

The Resource Conservation and Recovery Act (RCRA) was enacted by Congress in
1976. Regulations developed by the U.S. EPA to implement the Act, are intended to
provide cradle-to-grave management of hazardous waste. There are 18 FDER
hazardous waste program sites identified in the LWC Planning Area (Letter dated
January 17, 1991 from P.R. Edwards, Deputy Assistant Secretary, FDER South
District, Fort Myers, FL). The locations of these sites are shown in Figure H-52.
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WELLFIELD PROTECTION ORDINANCES

It is far more cost effective to utilize an unpolluted raw water source than one
which will require add-on treatment processes or a higher level and more costly
overall treatment method. The ability of local government to effectively regulate and
control existing and potential ground water contamination is critical to protecting
and optimizing the fresh ground water resource.

Wellfield protection ordinances are locally adopted ordinances that are intended
to provide long-term protection of the ground water resources in areas surrounding
potable water supply wells. Contamination of supply wells is prevented through
managing land uses, regulating well construction and abandonment, and controlling
the storage, handling, use and production of hazardous or toxic materials. Wellfield
protection ordinances consist of several wellfield protection zones, which are
delineated by determining ground water travel times within the area of the wellfield.
The innermost zone, which has the shortest travel time, is afforded the most
protection from potential pollution.

Lee and Collier counties are the only counties with wellfield protection ordinances
in effect in the LWC Planning Area. Lee County adopted an ordinance in August
1989, and Collier County adopted its ordinance in October 1991. These wellfield
protection zones are presented in figures H-53 and H-54.
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SALTWATER INTRUSION

Saltwater intrusion along the coast of the LWC Planning Area has been advanced
by canal excavation and aquifer development for public water supplies and
agriculture. In some channels, salinity control structures have been installed to limit
saltwater encroachment by maintaining freshwater heads on the inland side. The
greatest threat from saltwater intrusion lies where ground water and surface water
gradients are lowest. Saltwater intrusion has been most evident in the lower
Tamiami aquifer in the Naples Coastal Ridge and Bonita Springs/North Naples
areas, and also in the water table aquifer in the area of Marco Island’s public water
supply withdrawals.

The SFWMD maintains a saltwater intrusion database called SALT that collects
information on chloride, specific conductance, and water levels from the District’s
monitoring network. The monitoring network consists of data supplied by the public
water supply utilities and USGS monitoring wells. Selected data acquired from this
network, the USGS, and the District’s DB-Hydro database were used to construct
maps of average chloride concentrations in monitor wells in the water table, lower
Tamiami, and mid-Hawthorn aquifers. Isochlor contour maps were generated by
performing an inverse distance weighted (IDW) interpolation on the point data set
using ARC/INFO GRID. The isochlor maps are intended to serve as an aid in
visualizing the distribution of known values, rather than as an absolute indicator of
saltwater intrusion. Figures H-55 through H-67 are maps containing well locations,
average chloride concentrations and isochlors. A graph showing long-term increases
in chloride concentrations in a lower Tamiami well, L-738 in the Bonita Springs area,
is included as Figure H-68. '

In addition to saltwater intrusion from coastal waters, overdevelopment of
aquifers which overlie more saline aquifers increases the possibility of upconing and
contamination from the poorer quality layers. This potential exists throughout the
planning area. Although upconing of saline water is not considered to be true
seawater intrusion, it is a significant threat because of its potential to degrade
potable water supplies. Figure H-69 illustrates a long-term chloride increase in
lower Hawthorn well L-2435, where chloride concentrations rose from 1,500 mg/L in
late water year 1978 to a high of approximately 8,900 mg/L in early water year 1988.
Recharge in this case, comes largely from the underlying Suwannee Aquifer, raising
chloride and total dissolved solids concentrations in the lower Hawthorn. This
example also illustrates the necessity of long term observations in evaluating aquifer
impacts.

Cross contamination of shallow aquifers has also occurred from many of the
Floridan aquifer wells in the planning area. Numerous artesian wells were drilled
into the highly mineralized Floridan Aquifer System from the 1930s through the
1950s for agricultural water supply and oil exploration. Many of these wells were
short-cased, meaning the casings extended to less than about 200 feet below land
surface, which exposed the shallower zones to invasion by the more saline Floridan
water. Additionally, steel casings may have corroded, allowing inter-aquifer
exchange through the casings. Often, if a well was abandoned, it was either plugged
improperly, or simply left open, free-flowing on the land surface, and recharging the
surficial aquifer with saline water. The result is the existence of localized sites
throughout the shallow aquifers containing anomalously high concentrations of
dissolved minerals. This is evident in the water quality data and associated isochlor
maps. The actual lateral influence of such impacts, however, is localized and may be
exaggerated by the contour lines surrounding these areas.
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In 1981 the Florida Legislature passed the Water Quality Assurance Act which
required the water management districts to plug abandoned FAS wells. Under this
program, many known wells in the LWC Planning Area were plugged. The federal
government is currently offering a well abandonment program through the Soil
Conservation Service for wells on specific agricultural lands.

Another source of localized pockets of mineralized water is connate water,
theorized to be ancient seawater remaining from periods of inundation, entrapped
within the aquifer, and relatively unexposed to freshwater flushing.

The effects of seawater intrusion, upconing, aquifer cross contamination, and
connate water can create a complex and somewhat unpredictable scenario of local
ground water quality. Monitor wells provide a great deal of information where they
exist, but there are limits as to how many wells can be installed and monitored.
Where more detailed information is required, additional methods may be needed to
monitor the saltwater interface. The District recently participated in a cooperative
study in Broward County which utilized a surface geophysical method for delineating
saltwater intrusion. Geophysical surveys can provide extremely useful information
?38131;: the extent of saltwater intrusion at relatively low cost (Benson and Yubhr,
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FIGURE H-55. Selected Monitor Wells for the Water Table Aquifer.
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FIGURE H-56. Average Chloide Values for Selected Monitor Wells for the Water
Table Aquifer (mg/L).
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FIGURE H-57. Isochlor Map of the Water Table Aquifer (mg/L).
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FIGURE H-58. Selected Monitor Wells for the Lower Tamiami Aquifer.
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FIGURE H-60. Average Chloride Values for Selected Monitor Wells for the Lower
Tamiami Aquifer (mg/L).
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FIGURE H-61. Average Chloride Values for Selected Monitor Wells for the Lower
Tamiami Aquifer in the Naples Coastal Ridge Area (mg/L).
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FIGURE H-64. Isochlor map of the Lower Tamiami Aquifer for the N aples Coastal
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FIGURE H-65. Selected Monitor Wells for the Mid:Hawthorn Aquifer.
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FIGURE H-66. Average Chloride Values for Selected Monitor Wells for the Mid-
Hawthorn Aquifer (mg/L).
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FIGURE H-87. Isochlor Map of the Mid-Hawthorn Aquifer (mg/L).
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